A Gram-positive-staining, aerobic, endospore-forming bacterium, isolated as a contamination from an enrichment of enteric bacteria from surface water, was studied using a polyphasic taxonomic approach. 16S rRNA gene sequence similarity comparisons revealed that strain FSt3A T was grouped in the genus Lysinibacillus, most closely related to Lysinibacillus xylanilyticus XDB9 T (98.1 %), Lysinibacillus parviboronicapiens BAM-582 T and Lysinibacillus sphaericus DSM 28 T (both 98.0 %). The 16S rRNA gene sequence similarity to other species of the genus Lysinibacillus was ,97.5 %. The allocation to the genus Lysinibacillus was supported by a detailed chemotaxonomic characterization revealing a cell wall containing alanine, glutamic acid, aspartic acid and the diagnostic diamino acid lysine in a molar ratio of 1.6 : 1 : 0.9 : 0.8 (peptidoglycan type A4a), the major menaquinones MK-7 and MK-6, and polar lipids consisting of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, four unknown phospholipids, one unknown aminophospholipid and one unidentified aminolipid. The major fatty acids were iso-and anteiso-branched fatty acids. DNA-DNA hybridizations with the type strains of the most closely related species, L. parviboronicapiens DSM 25242 T , L. xylanilyticus DSM 23493 T and L. sphaericus DSM 28 T , in addition to the results of physiological and biochemical tests, allowed genotypic and phenotypic differentiation of strain FSt3A T from these related species. Thus, FSt3A T represents a novel species of the genus Lysinibacillus, for which the name Lysinibacillus contaminans sp. nov. is proposed, with FSt3A T (5CCM 8383 T 5DSM 25560 T 5CIP 110362 T ) as the type strain.
The genus Lysinibacillus was proposed for organisms previously allocated to rRNA group 2 of the genus Bacillus (Ash et al., 1993) by Ahmed et al. (2007) . A major chemotaxonomic feature for this genus is the presence of lysine and aspartate in the peptide subunit of the cell-wall peptidoglycan. Ahmed et al. (2007) described the type species of the genus, Lysinibacillus boronitolerans, and also reclassified Bacillus sphaericus and Bacillus fusiformis to the genus Lysinibacillus. Recently, several other species have been added to this genus, Lysinibacillus parviboronicapiens (Miwa et al., 2009) , Lysinibacillus xylanilyticus (Lee et al., 2010) , Lysinibacillus macroides (Coorevits et al., 2012) and Lysinibacillus magniferihumi (Yang et al., 2012) . Furthermore, Bacillus odysseyi (La Duc et al., 2004) and Bacillus massiliensis (Glazunova et al., 2006) were transferred to the genus Lysinibacillus mainly based on 16S rRNA gene sequence phylogeny. Two further species of the genus Lysinibacillus, closely related to these two transferred species, were proposed recently: Lysinibacillus sinduriensis (Jung et al., 2012) and Lysinibacillus meyeri (Seiler et al., 2013) .
In 2010, an endospore-forming bacterium was isolated in Giessen, Germany, from an R2A agar plate as a contaminant of a strain belonging to the genus Enterobacter. This isolate was studied taxonomically in detail according to the Minimal Standards provided by Logan et al. (2009) .
Further subcultivation was performed on tryptone soy agar (TSA; Oxoid) at 28 uC for 24 h. Cell morphological features and motility were observed under a Zeiss light microscope at a magnification of 61000, using cells that had been grown for 2 days at 25 u C on TSA. Gram staining was performed by the modified Hucker method according to Gerhardt et al. (1994) . KOH test was carried out according to Moaledj (1986) . The physiological characterization was performed according to the methods described by Kämpfer et al. (1991) and Kämpfer (1990) . In addition, the presence of urease was tested on urea agar (Merck) supplemented with 2 % urea according to the manufacturer's instructions (Christensen, 1946) . Indole and sulphide production was tested in SIM agar according to the instructions of the manufacturer (Merck). The results are listed in the species description (below) and differentiating features from the most closely related species are listed in Table 1. Genomic DNA for genotypic analysis was extracted using the method of Pitcher et al. (1989) . For phylogenetic analysis the 16S rRNA gene of strain FSt3A T was PCRamplified using the primers 27F (59-GAGTTTGAT-CMTGGCTCAG-39) and 1492R (59-ACGGYTACCTT-GTTACGACTT-39) (Lane, 1991) with the following cycling conditions: 95 u C for 3 min; 28 cycles of 95 u C for 30 s, 57.3 u C for 30 s, 72 u C for 1.3 min; and a final step of 72 u C for 10 min. The PCR product was purified with the QIAquick PCR purification kit (Qiagen) according to the manufacturer's instructions and sequenced with the same primers as used for PCR amplification. The 16S rRNA gene sequence was processed manually in MEGA5 version 5.05 (Tamura et al., 2011) . Phylogenetic analysis was performed in ARB release 5.2 (Ludwig et al., 2004) using the 16S rRNAbased 'All-Species Living Tree' Project (LTP) database (Yarza et al., 2008) release 108 (July 2012). Sequences that were not included in the LTP database were aligned using the SINA online alignment tool version 1.2.11 (Pruesse et al., 2012) and implemented in the LTP database. The final alignment used for tree reconstruction was controlled manually, including secondary structure information. Pairwise sequence similarities were calculated with the ARB neighbour-joining tool excluding an evolutionary substitution model. Phylogenetic trees were reconstructed with the maximum-likelihood method using the RAxML algorithm version 7.04 (Stamatakis, 2006) with Table 1 . Differential characteristics of strain FSt3A T and related species of the genus Lysinibacillus Strains: 1, FSt3A T ; 2, L. parviboronicapiens DSM 25242 T 3, L. xylanilyticus DSM 23493 T ; 4, Lysinibacillus mangiferihumi M-GX18 T ; 5, Lysinibacillus sphaericus DSM 28 T ; 6, Lysinibacillus fusiformis DSM 2898 T ; 7, L. macroides DSM 54 T ; 8, L. boronitolerans DSM 17140 T . All species produced positive results for motility and catalase, but negative results for production of H 2 S and indole, reduction of nitrate, b-galactosidase (ONPG) test, lysine decarboxylase and ornithine decarboxylase. +, Positive; 2, negative; (+), weakly positive; ND, no data available. Data for taxa 1-3 and 5 from this study, for taxa 4, 6-8 from Yang et al. (2012) . pH range for growth 6.5-10.5 5.5-11.5 5.0-9.0 6.0-9.0 6.0-9.0 6.0-9.0 7.0-9.0 6.0-9.0 Growth temperature ( 
GTR-GAMMA and rapid bootstrap analysis, the neighbour-joining method using ARB neighbour-joining with the Jukes-Cantor correction (Jukes & Cantor, 1969) , and the maximum-parsimony method using DNAPARS version 3.6 (Felsenstein, 2005) . All phylogenetic trees were calculated with 100 resamplings (bootstrap analysis; Felsenstein, 1985) and based on 16S rRNA gene sequences between sequence termini 114 and 1451 (numbering according to the Escherichia coli rRNA gene sequence published by Brosius et al., 1978) .
The sequenced 16S rRNA gene fragment of strain FSt3A T is a continuous stretch of 1435 unambiguous nucleotides spanning 16S rRNA gene positions 48 to 1471 (E. coli numbering).
Phylogenetic trees clearly showed that strain FSt3A T clusters within the genus Lysinibacillus closest to L. parviboronicapiens BAM-582 T (independent of treeing method; Fig. 1 Biomass used to extract polar lipids was harvested from cells grown in modified nutrient broth (Difco), consisting of 5 g peptone l 21 , 1 g meat extract l 21 , 2 g yeast extract l 21 .
Respiratory quinones were extracted and investigated as previously described by Collins et al. (1977) and Groth et al. (1996) . The polar lipids were extracted by the method of On: Thu, 21 Feb 2019 20:00:50 Minnikin et al. (1979) and were identified by twodimensional TLC as described by Collins & Jones (1980) . The cell walls were extracted and purified by the method of Bousfield et al. (1985) . After derivatization of the peptidoglycan hydrolysates with N-methyl-N-(trimethylsilyl)trifluoroacetamide (MTSFA), the content of amino acid trimethlsilylates was analysed by GC/MS as described by Roessner et al. (2000) .
Fatty acid analysis was done as described by Kämpfer & Kroppenstedt (1996) . Strains were grown under identical conditions (cells of all strains under direct comparison were harvested after growth on TSA at 28 u C for 48 h) and the cells for extractions were taken from plates of the same age. The individual fatty acids were identified with the Sherlock version 2.11, TSBA40 Rev. 4.1.
The cell wall of strain FSt3A T contains alanine, glutamic acid, aspartic acid and the diagnostic diamino acid lysine in a molar ratio of 1.6 : 1 : 0.9 : 0.8 (peptidoglycan type A4a). This finding is in agreement with the genus description of Lysinibacillus, with the type species L. boronitolerans, by Ahmed et al. (2007) , who delineated L. fusiformis and L. sphaericus from the genus Bacillus on the basis of the distinct peptidoglycan type. L. parviboronicapiens (Miwa et al., 2009 ) exhibited a very similar amino acid composition to FSt3A T (alanine, glutamic acid, aspartic acid and lysine in a molar ratio of 1.93 : 1 : 0.89 : 0.86). This supports the close relationship of strain FSt3A T to L. parviboronicapiens (phylogenetic analysis, Fig. 1 ). All subsequently described species, L. xylanilyticus (Lee et al., 2010) , L. macroides (Coorevits et al., 2012) , L. massiliensis, L. odysseyi, L. sinduriensis (Jung et al., 2012) , L. mangiferihumi (Yang et al., 2012) and L. meyeri (Seiler et al., 2013) , share this peptidoglycan composition comprising peptidoglycan type A4a according to Schleifer & Kandler (1972) . The major menaquinone of FSt3A T is MK-7 (94 %); minor amounts of MK-6 (4 %) are detected as well, and this corresponds to those found in the previously described members of the genus Lysinibacillus.
The major polar lipids in strain FSt3A T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, four unknown phospholipids, one unidentified aminolipid and one aminophospholipid. All species of the genus Lysinibacillus contain diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol as major polar lipids, except L. massiliensis where phosphatidylethanolamine is missing. Besides the major lipids, most species contain minor amounts of unidentified phospholipids, lipids or ninhydrin-positive phospholipids. For better understanding of the lipid profiles of the type species of the genus Lysinibacillus, Jung and coworkers investigated the polar lipid content of seven species (Jung et al., 2012) . Our strain FSt3A T exhibited a lipid pattern most similar to L. sinduriensis and L. odysseyi by the presence of the unknown phospholipids PL1, PL2 and PL4 (5PL3 in Fig S1, available in IJSEM Online). L. massiliensis contained these phospholipids too, but differed by the presence of glycolipids, which were not found in any other species of the genus Lysinibacillus. The unknown aminophospholipid APL1 showed a similar behaviour to PAL2 in L. macroides ( Fig. S1 ; Coorevits et al., 2012) and the ninhydrin-positive glycolipid found by Ahmed et al. (2007) in L. boronitolerans, L. fusiformis and L. sphaericus. Strain FSt3A T differs from all other type species by the presence of the aminolipid found close to diphosphatidylglycerol. All these data support the conclusion of Jung et al. (2012) , that the polar lipid profiles within the genus Lysinibacillus are heterogeneous.
The fatty acid profile of strain FSt3A T comprised mainly iso-and anteiso-branched fatty acids and was very similar to the most closely related species of the genus Lysinibacillus. The detailed fatty acid profile obtained from cells grown on TSA after 48 h of incubation at 28 uC is shown in The type strain FSt3A T (5CCM 8383 T 5DSM 25560 T 5CIP 110362 T ) was isolated as a contaminant from an agar plate for cultivation of a strain belonging to the genus Enterobacter in Giessen, Germany. Miwa et al. (2009) ; data for taxa 3 (in parentheses) and 4-6 from Yang et al. (2012) ; data for taxa 7 and 8 from Coorevits et al. (2012) . All data for species 1-3 were generated with biomass grown on TSA at 28 uC for 48 h (data for species 4-8 were harvested after growth on TSA at 28 uC for 24 h).
Fatty acid 1 2 3 4 5 6 7 8
Branched fatty acids iso-C 14 : 0 2.7 7.0 (5.9) 2.9 (10. 4.3 18.9 (5.9) 6.1 (23.1) 7.8 2.4 5.9 12.8 7.9 iso-C 17 : 0 2.4 3.3 (7.9) 6.1 (3.4) 4.3 15.8 7.6 3.3 3.5 anteiso-C 17 : 0 6.8 1.9 (9.6) 2.5 (1.9) 3.5 2.5 8.4 1.8 3.8 Saturated fatty acids C 14 : 0 --(0.9) -(0.5) 1.1 -1.2 --C 16 : 0 2.0 -(4.1) -(2.4) 2.8 1.3 6.1 1.7 0.5 Unsaturated fatty acids C 16 : 1 v11c 6.2 2.1 (4.9) 2.9 (3.8) -0.9 1.2 7.2 1.9 iso-C 17 : 1 v10c 2.5 -(0.9) 6.5 (1.2) -2.1 1.1 1.3 -C 16 : 1 v7c alcohol 7.5 20.3 (10.2) 14.3 (16.5) 2.9 1.4 0.8 12.3 9.6 Summed feature 4* 6.3 -(2.7) 2.4 (0.7) -0.7 ---*Fatty acids that could not be separated by GC using the Microbial Identification System (Microbial ID) software were considered as summed features. Summed feature 4 contains iso-C 17 : 1 I and/or anteiso-C 17 : 1 B.
